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ABSTRACT This study evaluated the effect of Summon Preferred Food Source on feeding, tun-
neling, and bait station discovery by the Formosan subterranean termite, Coptotermes formosanus
Shiraki. Bioassays were conducted to determine whether Summon disks affected the aggregation and
feeding behavior of termites and to determine whether the presence of Summon disks caused
increased recruitment of termites to wood blocks. When termites encountered the disk, they imme-
diately clustered on top of the disk. Termites were observed aggregating on top of the disk throughout
the experiment. Consumption of Summon disks was signiÞcantly greater than consumption of card-
board disks in paired choice tests. The presence of a Summon disk on top of a wood block caused a
signiÞcant increase in consumption of the wood block. Bioassays also were conducted to determine
whether water extracts of Summon disks affected termite behavior. Consumption of Þlter paper disks
treated with a water extract of Summon disks was signiÞcantly greater than consumption of control
Þlter paper disks. Termites tunneled through sand treated with a water extract of Summon disks faster
than they tunneled through untreated sand. In a Þeld test, the rate of infestation of monitoring stations
with a Summon disk was 3 times greater than the rate of infestations of stations without a disk.

KEYWORDS Coptotermes formosanus, aggregation, feeding stimulant, tunneling behavior, feeding
behavior

SUCCESSFUL BAITING PROGRAMS have several advantages
over the use of conventional termiticides as chemical
barriers. First, baits are an environmentally sound al-
ternative to conventional termiticides because baits
only require a small amount of toxicant to be placed
in a bait matrix (amounting to only a few grams of
active ingredient per home) as opposed to the appli-
cation of hundreds of gallons of termiticides under-
neath a structure. Second, the active ingredient in a
termite bait station is targeted speciÞcally at the molt-
ing process in an insectÕs life cycle, resulting in min-
imal mammalian toxicity. Third, there is no direct
application of the active ingredient to the soil, mini-
mizing the risks of problems due to runoff and ground-
water contamination. Fourth, because termites con-
sume the toxicant and pass it on to other colony
members by trophallaxis, baits have the potential to
eliminate a termite colony. Finally, the continual use
of in-ground monitoring stations as part of a monitor-
ing-baiting program enables pest management profes-
sionals to detect new termite activity in stations that
may threaten the structure.

A major drawback of commercial baits is that ter-
mites need to discover the bait stations for the treat-
ment to have any effect on the termite infestation in
the structure. In some cases, it may take several
months for termites to Þnd bait stations, resulting in
costly delays in eliminating the termite infestation.
The use of attractants to increase the likelihood that
termites will discover the stations could markedly im-
prove the efÞcacy of commercial bait products.

Currently, commercial bait stations do not use at-
tractants. However, there is considerable research in-
terest in the development of attractants or substances
that elicit trail-following behavior for use in baiting
programs. Laboratory studies have been conducted
with trail-following substances, such as 2-phe-
noxyethanol (Chen et al. 1998). Field experiments
have been conducted using drenches of the soil sur-
rounding the bait stations with solutions of sucrose �
yeast or urea to attract termites to the stations (Waller
et al. 1999). However, these drenches also could at-
tract ants to bait stations and increase problems with
ants infesting stations and excluding or preying upon
termites.

Studies also have been conducted to identify stim-
ulants/arrestants that can be used to improve the
acceptability of the bait matrix. The following speciÞc
chemicals have been identiÞed and patented as feed-
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ing stimulants/arrestants for use in termite baits: cho-
lesterol, dehydroisoandrosterone (Galinis and Strnad
2000), D-aspartic acid, L-glutamic acid (Chen and
Henderson 1996), ergosterol (Henderson et al. 1999),
and hydroquinone (Reinhard et al. 2002a, b). How-
ever, in tests comparing consumption by the Formo-
san subterranean termite, Coptotermes formosanus
Shiraki, of Þlter paper disks treated with each of the
speciÞc chemicals mentioned above versus control
disks over a range of concentrations, only ergosterol
acted as a feeding stimulant (Cornelius 2003). Ergo-
sterol has been incorporated into a cellulose-based
bait matrix for termite control (Rojas and Morales-
Ramos 2001).

This study examined the effect of the commercially
available product, Summon Preferred Food Source
(FMC, Philadelphia, PA), on the behavior of C. for-
mosanus.This product is marketed as a preferred food
source that can be used to decrease the time it takes
for termites to Þnd monitors or bait stations. Product
information claims that “termites prefer Summon up
to eight times more than any other food source. They
begin feeding right away and ÔsummonÕ other termites
from the colony by word of pheromone” (FMC Cor-
poration 2004). Laboratory studies were conducted to
evaluate the effects of Summon disks on the aggrega-
tion and feeding behavior of termites. Bioassays also
were conducted to determine whether water extracts
of Summon disks affected termite behavior. If water-
soluble components of Summon disks inßuence ter-
mite feeding and tunneling behavior, the presence of
Summon disks could potentially affect the rate of dis-
covery of bait stations in the Þeld. Finally, a Þeld test
was conducted to compare the rate of infestation of
monitoring stations with or without a Summon disk
present.

Materials and Methods

Termite Collections and Maintenance. Termites
were collected from Þeld colonies in New Orleans,
LA, by using underground bucket traps (Su and Schef-
frahn 1986) baited with blocks of spruce, Picea spp.,
wood. Termites were kept in the laboratory in 5.6-liter
covered plastic boxes containing moist sand and
blocks of spruce wood until they were used in exper-
iments.
BioassaysEvaluatingAggregationBehavioronSum-
mon.Bioassays were conducted to determine whether
Summon (FMC, Philadelphia, PA) disks would elicit
aggregation behavior by termites. Three clear poly-
styrene, cylindrical screwtop containers (9 cm in
height by 7 cm in diameter) were connected using two
10-cm-length pieces of Tygon tubing (i.d. 3/4 in., o.d.
5/16 in., wall 1/32 in.) inserted through holes on the
lower portion of the vertical wall of the containers and
sealed in place with a glue gun. In each container,
there was 50 g of sand (Frey ScientiÞc, MansÞeld,
OH). In one container, a Summon disk was placed on
top of the sand, and in another container a corrugated
cardboard disk of the same diameter as the Summon
disk was placed on top of the sand. There was only
sand in the center container. In each container, 10 ml
of distilled water was added to moisten disks and sand
(Fig. 1). Groups of 200 termites (190 workers, 10
soldiers) were placed in the center container. Ter-
mites were able to move freely between the three
containers. Each three-chambered testing apparatus
was placed in an unlit incubator (28�C, 97% RH). For
each experiment, termites from two different colonies
were used, with Þve replicates from each colony. The
number of termites in containers with the Summon
disk or the cardboard disk were counted after 2 d and

Fig. 1. Three-chambered testing apparatus for bioassays examining aggregation and recruitment of termites to wood
blocks.
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compared using a t-test for matched pairs (termites
located in center containers were not included in the
analyses).
Bioassays Evaluating Feeding Behavior on Sum-
mon. A Summon disk and a cardboard disk were
weighed and then placed on opposite sides of each
other in a 9.0-cm-diameter glass petri dish containing
5 g of sand moistened with 2 ml of distilled water. The
disks also were moistened with distilled water. Be-
cause a comparison of weight loss due to consumption
of a Summon disk and a cardboard disk is a comparison
of two dissimilar items, another bioassay was con-
ducted where two cardboard disks were weighed and
then placed on opposite sides of the petri dish. In this
second test, the consumption of cardboard disks by
termites in the absence of a Summon disk was deter-
mined. Average weight loss of cardboard disks due to
consumption was then compared for tests using a
Summon disk and tests without a Summon disk. This
second test was conducted to obtain more information
concerning the effect of the presence/absence of a
Summon disk on the rate of consumption of cardboard
by termites in this bioassay.

For each bioassay, termites from two colonies were
used, with Þve replicates from each colony. For each
replicate, 200 termite workers were placed in each
dish and the dishes were placed in an unlit incubator
(28�C, 97% RH) for 7 d. After 7 d, disks were removed
from the dishes, and left to air dry for 24 h. Weight loss
of each disk was determined. Consumption of Sum-
mon and cardboard disks was compared using a t-test
for matched pairs, on a pooled data set from the two
colonies. Also, average consumption of cardboard
disks in the absence of a Summon disk was compared
with the average consumption of cardboard disks in
the presence of a Summon disk by using a t-test.
Bioassays Evaluating the Effect of Presence of Sum-
mon Disks on Consumption of Wood Blocks. Bioas-
says were conducted using three interconnected con-
tainers as described previously (Fig. 1), except that
wood blocks were placed on top of the sand and disks
were placed on top of the wood blocks. A block of
spruce wood (4 by 3.5 by 1 cm) was oven-dried at 90�C
for 24 h, weighed, and placed on top of the sand in two
of the containers. Either a Summon disk or a card-
board disk was placed directly on top of each wood
block. There was only sand in the center container.
Groups of 200 termites (190 workers, 10 soldiers) were
placed in the center container. For each experiment,
termites from two different colonies were used, with
Þve replicates from each colony. Each three-cham-
bered testing apparatus was placed in an unlit incu-
bator (28 C, 97% RH) for 6 wk. After 6 wk, wood blocks
were oven-dried and weighed to determine termite
consumption. Final weights of wood blocks were com-
pared using a t-test for matched pairs.
Bioassays Evaluating Feeding Behavior on Filter
Paper Disks Treated withWater Extract of Summon.
The effects of a water extract from Summon disks on
termite feeding behavior were evaluated using paired
choice tests where termites were presented with a
choice of a Þlter paper disk treated with either the

water extract of the Summon disks or water alone.
Bioassays were conducted to measure consumption
after either 24 or 48 h. Two Summon disks were soaked
in 100 ml of deionized water for 24 h. The water was
then poured through a funnel lined with a Whatman
no. 4 Þlter paper. The Þltered water (a light brown)
was used in bioassays. For each test, Whatman no. 1
Þlter paper disks (2.5 cm in diameter) were weighed
and numbered. Numbers were written in pencil in the
center of each disk. For each Þlter paper disk, 60 �l of
either the extract or water alone was applied. One
treated and one control Þlter paper disk were placed
on opposite sides of each other in a 14.0-cm-diameter
glass petri dish containing 20 g of sand moistened with
5 ml of distilled water. The number and treatment of
each disk were written adjacent to each disk on the
outer surface of the dish. In this way, the disk could be
identiÞed even if termites had consumed most of the
disk. For each bioassay, termites from two colonies
were used, with Þve replicates from each colony. For
each replicate, 200 termite workers were placed in
each dish, and the dishes were placed in an unlit
incubator (29�C, 96% RH). After either 24 or 48 h,
depending on the length of the bioassay, Þlter paper
disks were removed from the dishes and left to air dry
for 24 h. Weight loss of each disk was determined.
Consumption of treated and control disks was com-
pared using a t-test for matched pairs, on a pooled data
set from the two colonies.
Bioassays Evaluating Tunneling Behavior in Sand
Treated with Water Extract of Summon. The testing
device was comprised of a 9-cm-high by 7-cm-diam-
eter clear polystyrene cylindrical screwtop container
(Consolidated Plastics, Twinsburg, OH) with a 5-cm
length piece of Tygon tubing (0.8 cm i.d.) inserted
through a hole on the lower side of the container and
sealed in place with a hot glue gun. A plastic Y-tube
(stem and arm lengths, 3 cm; diameter, 1 cm) was
attached to the distal ends of the Tygon tube and
another 5-cm length piece of Tygon tubing (0.8-cm
i.d.) was attached to each arm of the Y-tube. A 1-ml
disposable pipette tip (length, 7 cm; diameter, 1 cm at
wide end) was attached to the other end of the Tygon
tubing (Fig. 2). A thin layer of moist sand (Frey
ScientiÞc) was placed on the bottom of the container.
Termites were able to move freely from the container
into the tubing. In each container, 200 C. formosanus
workers were placed in the center of the container.
Termites from two colonies were used, with 15 rep-
licates from each colony. Summon disks were ex-
tracted in water as described previously. For each
replicate, one arm of the Y-tube was connected to a
pipette tip Þlled with sand treated with a water extract
of Summon and the other arm of the Y-tube was
connected to a pipette tip Þlled with sand treated with
deionized water. There was no sand in the Y-tube
itself. Therefore, termites would initiate tunneling in
the sand in one or both of the pipette tips. The position
of the treatment and control tips on the arms of the
Y-tube was rotated between replicates to preclude any
positional effects. Each pipette tip was marked on the
outer surface with a permanent marker at a distance
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of 2 cm from the narrow end of the pipette tip (Fig.
2.). Tunneling activity was continuously observed un-
til termites reached this mark. As soon as termites
reached this mark in one of the tips attached to each
Y-tube, both tips were removed and the number of
termites in each tip was counted. These tests were
conducted in ambient conditions in the laboratory.
Field Test Comparing the Rate of Infestation of
Monitoring Stations with or without Summon Disks.
A Þeld test was conducted in City Park in New Or-
leans, LA, at locations where termite populations have
been monitored for two or more years by using un-
derground bucket traps. Testing sites within these
locations of City Park were selected by choosing 14
trees that were infested withC. formosanus and had an
active bucket trap located at the base of the trunk. The
14 treeswere located in threedifferent sectionsofCity
Park and were infested by at least seven different
termite colonies. The foraging ranges of colonies in
each section had been at least partially delineated
using markÐreleaseÐrecapture techniques. There
were84HomeChoiceTermiteDetectorStations(Dal-
las Ft. Worth Pest Control, Dallas, TX). The only
modiÞcation made to these stations was that the hole
in the bottom of each station was enlarged from �0.5
to 1 cm in diameter. The stations were installed in the
Þeld along with the balsa type wood block that was
included with the stations. In 42 of these stations, a
Summon disk was placed in the bottom of the station
underneath the wood block. The other 42 stations
contained only the wood. Six monitoring stations,
three with a Summon disk and three without a Sum-
mon disk, were arranged in a semicircle around each
tree, �1 m from the tree trunk. In each semicircle, the
positions of stations with or without a Summon disk
were alternated and each station was placed 1 m apart
from each other and at least 1 m from the active bucket

trap. The monitoring stations were placed in the Þeld
on 6 May 2004 and checked for termite activity on the
following dates: 27 May, 15 June, 28 June, 12 July, and
26 July 2004. Termite activity included stations where
termites were present and stations where visible signs
of a termite presence were evident (feeding damage
on wood blocks, mud tubes inside of the station).
Therefore, the number of monitoring stations discov-
ered by termites included any stations that had been
infested and abandoned by termites, unless termites
abandoned stations without leaving any visible evi-
dence of their presence (feeding damage on wood
blocks, mud tubes inside of the station). The number
of stations with and without a Summon disk that were
discovered by termites over a 12-wk period was com-
pared using a one-way analysis of variance (ANOVA).

Results and Discussion

BioassaysEvaluatingAggregationBehavioronSum-
mon. There were signiÞcantly more termites in the
containers with the Summon disk than in the contain-
ers with the cardboard disk (Fig. 3.). When termites
encountered the Summon disk, they immediately
clustered on top of the disk. Termites were observed
aggregating on top of the disk throughout the exper-
iment, and they had begun to construct tunnels into
the disk by the end of the bioassay.
Bioassays Evaluating Feeding Behavior on Sum-
mon. Consumption of Summon disks was much
greater than consumption of cardboard disks in paired
choice tests after 7 d (Table 1). Because the Summon
and cardboard disks are such different materials, it was
hard to interpretdifferences in theconsumptionof the
two disks. Therefore, another experiment was per-
formed where two cardboard disks were paired with
each other. Average consumption of each cardboard

Fig. 2. Testing device for bioassays examining tunneling behavior of termites.
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disk in tests where termites had a choice of two card-
board disks was then compared with average con-
sumption of cardboard disks in tests where termites
had a choice of a cardboard disk or a Summon disk.
When termites were given a choice of two cardboard
disks, the average consumption of each cardboard disk
was greater than in tests where a cardboard disk was
paired with a Summon disk (P� 0.002) (Table 1). The
results of these two experiments demonstrate that
consumption of the Summon disk was greater than
consumption of the cardboard disk.
Bioassays Evaluating the Effect of the Presence of
Summon Disks on Consumption of Wood Blocks.
Consumption on wood blocks with a Summon disk
placed on top was signiÞcantly greater than on wood
blocks with a cardboard disk placed on top (Table 1).
Because termites aggregated on the Summon disk and
tunneled through the disk into the wood block, the

aggregation effect of the disk resulted in increased
consumption of the wood block. These results indicate
that aggregation on a Summon disk within a bait sta-
tion could result in recruitment to the wood in the
station.
Bioassays Evaluating Feeding Behavior on Filter
Paper Disks Treated withWater Extract of Summon.
After both 24 and 48 h of feeding, consumption of Þlter
paper disks treated with a water extract of Summon
disks was greater than consumption of untreated Þlter
paper disks (Table 1). These results show that water
soluble components of the Summon disks affect ter-
mite feeding behavior and could potentially leach into
the soil surrounding a bait station.
Bioassays Evaluating Tunneling Behavior in Sand
Treated with Water Extract of Summon. In paired
choice tests, termites tunneled through sand treated
with an extract of Summon disks Þrst in 23 of 30
replicates (P� 0.006; sign test). The average number
(�SEM) of termites in pipette tips Þlled with extract-
treated sand (31.7 � 1.2) was signiÞcantly greater than
the average number of termites in tips Þlled with
untreated sand (25.2 � 1.6) (P � 0.001; a t-test for
matched pairs). The increase in the rate of tunneling
by termites in response to the presence of water-
soluble components of Summon disks could result in
an increase in the construction of tunnels near bait
stations containing Summon disks. If water-soluble
components of Summon disks that leached into the
soil could direct termite tunneling toward bait sta-
tions, the Summon disks could potentially increase the
likelihood that bait stations are discovered by termites.
Field Test Comparing Rate of Discovery of Moni-
toring Stations with and without Summon Disks.
When monitoring stations were Þrst inspected on 27
May 2004, there were eight stations infested by ter-
mites, four stations with a Summon disk and four
control stations. The number of stations containing a
Summon disk that were infested by termites gradually
increased over time, whereas only a single new control
station was infested by termites after the Þrst inspec-

Fig. 3. Mean (�SEM) number of termites in sand-Þlled containers with either a Summon or a cardboard disk placed on
top of the sand.

Table 1. Feeding preferences of termites in paired choice tests

Experiment
Wt loss of disks/

blocks(mg)

Experiment 1: Summon vs. cardboard
Summon 205.0 � 28.0a
Cardboard 30.0 � 3.0b

Experiment 2: Cardboard vs. cardboard
Cardboard (1) 51.0 � 7.0a
Cardboard (2) 55.0 � 5.0a

Experiment 3: Summon on top of wood
block vs. cardboard on top of
wood block

Wood block with Summon 377.0 � 41.0a
Wood block with cardboard 139.0 � 35.0b

Experiment 4: 24-h feeding test, water
extract of Summon

Filter paper with Summon 8.0 � 1.0a
Untreated Þlter paper 3.0 � 1.0b

Experiment 5: 48-h feeding test, water
extract of Summon

Filter paper with Summon 32.0 � 1.0a
Untreated Þlter paper 10.0 � 2.0b

Within an experiment, letters that are different indicate signiÞcant
differences (P � 0.05; t-test).

506 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 98, no. 2



tion (Fig. 4). After 12 wk, there were 15 stations with
a Summon disk (36%) that had been discovered by
termites compared with only Þve control stations
(12%). There was no evidence that termites were
Þnding and abandoning either treated or control sta-
tions before causing heavy damage to the wood block.
The difference in the number of stations with and
without a Summon disk that were discovered by ter-
mites over a 12-wk period is signiÞcant (F� 6.9; df �
1, 82; P � 0.01; one-way ANOVA).

The pattern of infestation of control stations illus-
trates the problem with conventional commercial bait
stations. Stations infested by termites within the Þrst
3 wk most likely represent stations that were placed in
positions that intersected the existing termite gallery
system. Although stations were placed in locations
where termite activity was high based on monthly
inspections of bucket traps, only one additional con-
trol station was infested by termites after the initial
inspection. Formosan subterranean termites do not
detect the presence of sound wood when tunneling
through the substrate even at distances as short as 2.5
mm (Cornelius and Osbrink 2001, Puche and Su 2001).
Therefore, bait stations are often not discovered by
foraging termites, even in areas of high termite pres-
sure.

The steady increase over time in the number of
stations containing a Summon disk that were infested
by termites indicates that the presence of the disks
directed termite foraging toward the monitoring sta-
tions. It should be noted that during the 12-wk period
of this Þeld test, it rained frequently. The heavy rain-
fall most likely contributed to the high rate of discov-
ery of stations with a Summon disk by causing water-
soluble components of the disks to leach into the soil
surrounding the station.

In conclusion, the Summon disks clearly affected
termite behavior. The disks acted as feeding stimu-
lants, caused continual aggregation behavior on disks

throughout the bioassays and resulted in recruitment
of termites to wood. Therefore, the presence of a
Summon disk within a monitoring station would in-
crease the acceptability of wood or bait matrix in that
station. However, termites generally infest bait sta-
tions once they Þnd them. The increased feeding of
Þlter paper disks treated with a water extract of Sum-
mon disks and the increase in the rate of tunneling in
sand treated with a water extract of Summon disks
demonstrates that water-soluble components of a
Summon disk inßuence termite foraging behavior.
The Þeld test determined that the presence of the
disks dramatically increased the rate of infestation by
termites. This increase in the rate of infestation in the
Þeld suggests that water-soluble components of the
disks leach into the soil surrounding the station and
cause termites to direct their foraging behavior toward
the station. Hence, Summon disks have the potential
to improve the efÞcacy of commercial baits by in-
creasing the rate of discovery of stations in the Þeld.
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